The constitution of N20 oxide has been investigated by using Auger analyses, ellipsometry measurement, and Fourier transform infrared (FTIR) spectroscopy in this paper. We found a nitrogen-rich layer formed at the interface of SiO2/Si by Auger analyses. From the results of ellipsometry, we found the thinner the N20 oxide, the larger the refractive index. A two-layer model construction of N20 oxide was proposed for modeling the interracial layer. We found that this layer thickness is 14 to 20 A when the refractive index was set to 1.77. FTIR analyses show that some of the Si-O bonds were replaced by Si-N bonds. This is the reason that N20 oxide has better electrical properties and a lower growth rate than those of the conventional dry O2 oxide.
The growth of high quality gate oxide (<100 •) film has become important for submicron devices of integrated circuits. Recently, there has been a growing interest in gate oxides grown or annealed in N2O , instead of conventional dry O2. I'2 The oxide grown or annealed in N20 ambient shows better electrical characteristics. A nitrogen-rich layer formed at the interface of SiO2/Si has been reported in similarly annealed films. This layer is believed to reduce dangling Si and strained Si-O bond densities. 3 Hence, a more reliable device performance can be achieved. 4 However, very little information has been reported on the characterization of the N20 oxide. In this paper, we first analyze the N20 oxide by using Auger depth profiling analysis to characterize the interface properties. Ellipsometer has also been used to measure the refractive index of N20 oxide grown at 950-1100~ From the result of Auger and ellipsometery we propose a two-layer model of N20 oxide constitution. We use multiple angle incident (MAI) ellipsometer method to confirm this interfacial layer. The bonding of N20 oxide was studied by Fourier transform infrared spectroscopy (FTIR) in this work.
Experimental
p-Type, 4 in. silicon wafers (100) with resistivities of 15-25 f~-cm were used as starting materials. After the standard RCA cleaning process and dipping with H20:HF (50:1), wafers were put into a furnace of the conventional resistive-heated type. High purity N20 (>99.9995%) gas was used to grow oxide from 950-1100~ at increments of 50~ The thickness of the oxides was measured by MAI ellipsometery to obtain an accurate refractive index and thickness. Some samples were also analyzed by Auger and FTIR spectroscopy. Figure 1 shows the results of Auger depth profiling of N20 oxide grown at 900~ for 30 min. Because the oxide was very thin, the energy of sputtering is 500 eV to obtain a higher concentration resolution. From the figure, it can be seen that a nitrogen-rich layer piles up at the interface of SiO2/Si. The maximum concentration of N is about 4 _+ 1%. This nitrogen-rich layer is different from that of nitridation of oxide in NH3 ambient. In the case of the latter, nitrogen-rich layers were observed at both the interface and top surface of the oxide, 5 but were similar to the re-oxidization of NH3 nitride oxide. 8 The ellipsometer is a multiple-angle-incident-type with an incident wavelength at 632.8 nm. The incident angle is from 41.7 to 66.46 ~ at increment of 0.24 ~ . The total number of measured data of (A, ~) is 104, where A and ~ are the ellipsometric angles. A is related to the degree of the polarizer angle, and ~ is related to the degree of the analyzer angle. To calculate the refractive index (N) and thickness (T) simultaneously, we used a one-layer model as shown in Fig. 3a . The refractive index of Si at 632.8 nm is assumed as 3.858-i0.018. There are two unknown parameters N and T in the system. In simulation processes, we changed the N and T to a reasonable range. T is from 0 to 500 A, and N is from 1.460 to 1.500 A, respectively. For assumed values of N and T, there exists a corresponding set (h~, %) for incident angles, 7 where s means the simulated value. We calculated the sum of root-mean-square error between simulated value (As, ~) and the measured (Am, ~m) values for all incident angles. The equation is
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usually, the error is dominated by the term of h. 8 The curve of error will reach a minimum as the best fitted value of N and T are found. The value of error in the simulation is about 0.341 to 0.399 ~ Figure 2 shows the results of the refractive index vs. thickness of different N20 oxides grown at temperatures from 950 to tl00~ at increments of 50~ It is seen that the refractive index of the films grown at 950, 1000, and 1050~ decreases as the thickness increases. The refractive index approached to 1.460 at thickness larger than i00/~. For the N20 oxide grown at II00~ the refractive index remains near 1.470 for all thicknesses. We believed that this is the case because more nitrogen atoms pile up at the interface resulting in an increasing refractive index. This increase of nitrogen concentration with an increase of growth temperature results in a negative influence of gate oxide quality. Yoon et al. 4 reported the time-dependent dielectric breakdown (TDDB) distribution and charge-to-breakdown QBD of N20 oxide were severely degraded with increasing growth temperature from 950 to 1050~ while that of conventional oxide exhibits a slight improvement. They explained that this phenomenon was due to large undulations at SiOJSi interface observed by high resolution transmission electron microscopy (TEM). This undulation may be due to oversaturated nitrogen atoms at the interface. This phenomenon is consistent with the results of ellipsometry and would interfere with the ellipsometry measurement when undulation is high.
To understand more about the interracial layer, we proposed a two-layer model in Fig. 3b . We assumed the interfacial layer is like a silicon oxynitride film with a composition near Si2ON2 (refractive index 1.77). This layer has been confirmed by ellipsometry and infrared spectroscopy by Naiman et al. 9 They found that this layer, formed at the interface of SiO2/Si in high~ temperature ammonia nitridation, has a thickness 22 A with a refractive index of 1.77. The unknown parameters in the system of Fig. 3b are T1 of top oxide (N = 1.46), and T2 of oxynitride film (N = 1.77). The calculation procedures are the same as Eq. i but with changed fittin~ parameters of T~ and T 2. The value of T~ is from 0 to 500 A and that of T2 is from 0 to 30 A. The measured ellipsometric angles (h~, ~m) are the same used for calculation of one-layer model. Table I shows the result for both the one-and two-layer model. The thickness of oxynitride (To~y) is around 17 ---3 A for the all different thicknesses and growth temperatures of N20 oxide. The uncertainty maybe results from systematic errors. This thickness is close to the oxynitride film grown during the oxide nitrided by ammonia. 7 This implies that for N20 oxidation there always exists an oxynitride film around 5-7 atomic layers at the interface of SiO2/Si. This layer acts as a barrier for oxidizing species diffusing through the interface resulting in a slower growth rate) The total thickness of this two-layer model is smaller than that of the one-layer model. The difference is 1-3/~. Figure 4 shows the reoxidation of N20. First, a sample (sample a) of N20 oxide was grown in pure N20 ambient at 900~ for 60 min. Another sample (sample b) of dry oxide as the control sample was grown in dilute O2 (10%)/N2 at the same temperature for 64 min. The thicknesses of samples a and b were 82 + 2 A and 79 • 2 A, respectively. We have controlled the growth rate of the two samples at the same level, about 1.3-1.4 A/min. Then two samples were reoxidized in pure 02 ambient for 15, 30, and 60 min. The change of thickness was shown in Fig. 4 . It is obvious that the oxide grown initially in pure N20 (sample a) grows more slowly than the oxide grown in conventional dry 02 (sample b). This implies the interracial layer of oxynitride does act as a barrier to the diffusing oxidizing species. index, thickness, and RMS error of N20 oxide using one-and two-layer models employing ellipsometry antisymmetrical stretch and a shift of the peak wave number of 6 cm -1. Koba et al. 12 have found the same phenomenon which is due to the partial replacement of doubly coordinated oxygen atoms by triply coordinated nitrogen atoms in the ammonia nitridation of SIO2. From the comparison of the FTIRs, we concluded that N20 oxide did have Si-N bonds formed at the interface of SiO2/Si. This Si-N bond, instead of Si-O bonds of dry 02 or Si-H bonds for NH3 nitridation, is the reason for the low growth rate and the better electrical characteristic of N20 oxide.
Conclusions
In this work, the composition of N20 oxide has been investigated by Auger analysis, multiple angle incident ellipsometry, and FTIR spectroscopy. From the Auger analyses, we found a nitrogen-rich layer at the interface of SiOdSi. The result of ellipsometry shows that thin N20 oxide has a larger refractive index. We found that a two-layer model can be used to model the real constitution of N20 oxide and the interface of SiOdSi. This interracial layer can be modeled as an oxynitride film with a refractive index of 1.77 and a thickness of 14-20 -~. The result of FTIR indicated that some Si-O bonds at the interface of the conventional dry oxide were replaced by nitrogen as Si-N bonds in N20 ambient. With a stronger bond energy than Si-O bonds, the interface of N20 oxide has more stable and improved electrical properties than those of the conventional dry oxides.
